
CYCLOBUTYL 0-WAPHTHALENESULFONATE SOLVOLYSIS J. Org. Chem., Vol. 36, No. 14,1971 1913 

Cyclob~~tyl p-Naphthalenesulfonate Solvolysis. Solvolytic Behavior Study 
DONALD D. ROBERTS 

Department of Chemistry, Louisiana Tech University, Ruston, Louisiana Yl RYO 

Received December 30, 19YO 

The solvolysis rates of cyclobutyl p-naphthalenesulfonate (4-ONas) have been determined in a series of solvents 
of varying ionizing strength. The correlation of 4-ONas solvolysis rates with those of 2-adamantyl tosylate and 
pinacoyl brosylate reveals that 4-ONas suffers solvolysis with little nucleophilic assistance by solvent but wit8h 
considerable anchimeric assistance. The product distributions of 4-ONas in a wide spectrum of solvents corro- 
borates the absence of significant nucleophilic participation by solvent. 

Considerable evidence1,2 has been presented to  sup- 
port the contention that the unusual solvolytic re- 
activity of cyclopropylcarbinyl derivatives in a wide 
spectrum of solvents is due to anchimerically assisted 
ionization (kA)3'4  and not due to solvent nucleophilic 
participation ( k s ) . 3  

The relative importance of anchimeric @A) and sol- 
vent (k,) assistance upon the overall solvolysis rate 
(kJ  of cyclobutyl derivatives (in the same spectrum 
of solvents) is less well defined.6*6 In  part, this is 
due to the lack of a suitable model for evaluating the 
unassisted ionization rates ( k J 3  of secondary sub- 
strates. 

Recently, two such models have been proposed, 2- 
adamantyl tosylate4 and 3,3-dimethyl-2-butyl (pinacoyl) 
brosylate.' The former is described4 as a new stan- 
dard for &-type behavior without mention of ion-pair 
return. The latter is proposed' as a new standard 
for kotype behavior unaccompanied by ion-pair return. 

This paper reports the results of an investigation 
where the solvolytic behavior of cyclobutyl P-naph- 
thalenesulfonate, 4-ONas, was compared with that  of 
2-adamantyl tosylate and pinacoyl brosylate. The 
data indicate that cyclobutyl P-naphthalenesulfonate 
suffers solvolysis in a wide range of solvents with little 
nucleophilic assistance by solvent but with considerable 
anchimeric assistance. 

The first-order rate constants for solvolysis of cyclo- 
butyl P-naphthalenesulfonate in various solvents are 
summarized in Table I. The reaction progress mas 
followed by titrating the liberated p-naphthalenesulfonic 
acid. The solvolysis reaction of 4-ONas in 2,2,2-tri- 
fluoroethanol was accompanied by 22% internal return 
isomerization.* The apparent first-order rate con- 
stants, kt ,  in this solvent were computed on the basis 
of the acid infinity titer and, therefore, are a sum of 
the rearrangement and the solvolytic rate processes. 
The fact that the infinity titers in urea buffered and 
unbuffered reactions were identical supports an  in- 
ternal return isomerization and not a competing acid- 
catalyzed isomerization. 

The product distribution data listed in Table I1 
reveal a marked similarity in all solvents. This result 
strongly suggests that the same cationic species reacts 
with solvent in all the investigated solvolysis reactions, 
The possibility that the reported product distributions 
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TABLE I 
SOLVOLYSIS RATES FOR CYCLOBUTYL p-NAPHTHALENESULFONATE 

Infinity 
Solvent Temp, OC kl, 106 880-1 % 

HCOzH" 15 86 f 1 100 
20 160 & 5 100 
25 270 f 8 100 
25 430 f 7* 100 
30 400 f 10 100 

CFsCHzOH' 25 10 * 0.2d 77 
35 25 f 0 . 5  78 
44 58 i. 2d86 78 
50 99 i 0 . 5  78 

EtOH 50 1 .36  f 0.04 100 
50 1.38 * 0.05' 100 
50 1.38 f O.O& 100 

a AH * = 17.2 i 0.2 kcal mol-'; AS * = - 13 f 1 eu. *Sam- 
ple 0.045 M in HCOzLi and 0.015 M in ester. c AH * = 16.9 f. 
0.3 kcal mol-'; A#* -20 f 1 eu. Duplicate run. e Sample 
0.040 M in urea and 0.030 M in ester. f Sample 0.010 M in 
NaNa and 0.030 M ih ester. 0 Sample 0.015 M in NaNa and 
0.030 M in ester. 

are the result of subsequent isomerization reactions 
has been ruled out by previously reported product sta- 
bility studies. b 9  

It is particularly noteworthy that the amount of 
unrearranged ethanolysis product is no greater than 
the amount of unrearranged formolysis product. This 
observation coupled with the very low degree of nu- 
cleophilic participation by azide ionlo argues in favor 
of a similar low degree of nucleophilic participation 
by solvent in the ethanolysis reaction of 4-ONas. 

The correlation of the cyclobutyl P-naphthalenesul- 
fonate solvolysis rates with those of (a) neophyl tos- 
ylate, (b) 2-adamantyl tosylate, and (c) pincaoyl 
brosylate (cf. Figure 1) affords considerable insight 
concerning the relative importance of the ICA and k, 
pathways in the solvolysis of 4-ONas. For instance, 
the good linear free-energy correlation between log k 
for 4-ONas and neophyl tosylate can be interpreted 
in terms of discrete k~ and I C ,  solvolysis processes12 
and, more importantly, that  the kA route is dominant 
for the solvolysis of 4-ONas in all investigated reactions. 
This interpretation is true to the extent that  log kt 
(neophyl tosylate) is a good model for anchimerically 
assisted solvolyses. 1 3  
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TABLE I1 
SOLVOLYSIS PRODUCTS FOR CYCLOBUTYL ~ N A P H T H A L E N E S U L F ~ N A T ~  

[)-CH,OS CHt=CHCHGH206 

53 5 EtOH CaHaN 42 
AcOH NaOAc 44 52 4 
AcOH NHzCONHz 45 51' 4 
HCOzH" HC02Na 45 45 10 

dos Solvent I3uffer 

0 Taken from data of K. L. Servis and J. D. Roberts, J .  Amer. Chem. Soc., 86,3773 (1964). 

minor role in the solvolysis of 4-ONas. The value 
of k0(cyc10buty1)/k,(2-adamanty1), the solvent in- 
variant rate ratioJ4 was estimated by use of the rate 
data calculated by Schl&yer14 from steric and coh- 
formational considerations and by use of eq 1,15 where 

it is noted that the steric strain term reflects the eri- 
hanced steric strain introduced into the cyclobutyl 
and 2-adamantyl systems by generation of trigonal 
center typical of a classical cation. 

-t 
-9 -8 -7 -6 -5 -4  -3 -2  - I  

log k,,, ROY (2s') 

Figure 1.-The linear dependence of log k,,, for 4-ONas on lo& 
ki,, for neophyl tosylate, A ;  on log ki,, for 2-adamantyl tosylate, 
B; on log kiOn for pinacoyl brosylate, C. 

It is also seen in Figure 1 that a good linear free- 
energy correlation exists between log k for 4-0Xas 
and log k t  for 2-adamantyl tosylate, a model for limit- 
ing' solvolytic behavior. This observation corrobo- 
rates the interpretation that the k, pathway plays 
only a minor role in the solvolysis reactions of 4-OKas. 

The correlation between log k for 4-OSas and log lit 
for pinaeoyl brosylate further reinforccs the interpreta- 
tion that nucleophilic participation by solvent plays a 
minor role in the solvolysis of 4-0Nas. The accelerated 
ethanolysis rate of pinacoyl brosylate observed in this 
correlation is also observed in a similar correlation 
with log kt for 2-adamantyl tosylate and lends addi- 
tional support to the contention that the ethanolysis 
of 4-ONas is accompanied by only a low degree of 
nucleophilic participation by solvent. 

Finally, the large magnitude of the k A / k ,  data re- 
corded in Table I11 are cited in support of thc specula- 

TAHLIC 111 
A S S I ~ T ~ D / U N A S S I S T ~ ~ I ,  ITATE I~ATIOS Fori  ONAS AS, 25" 

Solvent 
kA/k," 

4-ONES 

CFJCOzII 102.13 106.23 
HC02II 1 0 2 . 3 8  106.48 
C%~CII,OH 1 0 0 . 4 0  106." 
CHjC02H 102.61 1 0 6 . 7 1  

CHsCIIzOII 103.3 I 106.41 
Obtained by multiplying k4-OTa/k*-*dOT@ by 103.1, the in- 

herent ko2-*doTs/ko4-OTa ratio. 

tion tha t  the k A  route is, indeed, the dominant pathway 
while the solvent unassisted pathway, k,, p l a p  only a 

Experimental Section 
A Beckman GC-4 chromatographic instrument, equipped with 

a thermal conductivity detector and 8 ft x 0.25 in. columns of 
20% diethylene glycol succinate on Chromosorb W, AW-DMCS 
(45-60 mesh), and 20f% 1,2,3-tris(2-cyanoethoxy)propane on 
Chromosorb W (30-60 mesh) were used for analytical gc work. 

Cyclobutyl p-naphthalenesul@fiate (4-ONas) resulted when 2- 
naphthalenesulfonyl chloride (8.0 g, 0.35 mol) was mixed *ith 
cyclobtltanol (2.16 g, 0.30 mol) and 40 ml of redistilled sym- 
collidine a t  0". After being allowed to stand 16 hr a t  O", the 
reactibn mixture was acidified with cold, 10% aqueous HCl. 
The precipitated ester was separated on a Buchner funnel, 
washed three times with cold, ,acid and three times with cold 
water, arid air-dried to yield 7.3  g of crude ester. Recrystalliza- 
tion from 1 : I petroleum 'ether; :.(bp, 30-6O0)-ether gave 4.6 g 
(58qdYof white crystals, mp 75-76" (lit.I6 mp 75L76'). 

!h&efits.-Acetic acid .solvent was prepared from 984.9 ml 6f 
glacis1 acetic acid (Matheson Scientific, 99.894) and 5.1 ml Of 
acetic Bnhydride. Absolute ethanol was prepared according t O  
the method of I3eser.17 2,2,2-TrifluoroethanoI (Aldrich Chem- 
ical Co.) was redistilled just prior to use. Formic: acid solvent 
was stored several days over boric anhydride, decanted, and dis- 
tilled from fresh anhydride. 

Cwobutyl p-Naphthalenesulfonate Ethanolysis Products- 
Cy,$)Qbutyl p-riaphthaleliesulfo~l,at,e (1.13 g, 5 mmol) W B s  dk- 
soIved:in sufficient absolute ethanol (containing 10 mmol of. d i j  
pyrT&ib) to give 25 ml of solution. After 11 half-lives a t  50°, 
the sdbtion was diluted with 150 ml of water and continuously 
extracted with ether for 3 days. The ether extract was washed 
with dilute, aqiieous IICI and cold water and dried (NazSOd), and 
rnosl of the solvent removed by distillation. Analysis by gc 
revealed, in additioll t o  solvent, the preserice of ethyl tillylcaf- 
biriyl ether, ethyl cyclobrityl ether, and ethyl cyclopropylcat- 
binyle\her i n  the ratio 1:8.4: 10.6, respectively. 

Cycbbutyl p-NaphthaleneWhnate Acetolysis Products.-- 
Cyci6butyl p-rlaphthalerleslllf6hate (1 .I3 g, 5 mmol) was d+- 
solved in sriHicient acetic acid Wlvent (containing 7.5 mmol bf 
NaOAc) to give 25 nil of sokkion. After 11 half-lives a t  GOo, 
the sdlutiori was diluted with 130 ml of water and continuodsly 
extracted with ether for 2 day's. The ether extract was neti- 
tralized with NaIIC03,  washed with water, and dried (N?-&OO 
. . - - - - 
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strain),.oT. - 2.AdOTs. 
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IIealth, Boston, Mass., 1957, p 265. 
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mixtrirrs obt:iinctl by ev:ipor:ition of tlir solvent were 
sc1p:ir:itiztl bjr colitmri chrorn:itograpliy on silica gek to 
gi1.r f l i c  compounds >lion 11 in eq 1 and 2 .  
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